Structure and function of the mitochondrial bc1 complex. A mutational analysis of the yeast Rieske iron-sulfur protein.
Respiratory-defective mutants of Saccharomyces cerevisiae assigned to a single complementation group (G12) have been determined to have lesions in the iron-sulfur protein (Rieske protein) of ubiquinol: cytochrome c reductase. Mutants capable of expressing the protein were chosen for further studies. The genes from 13 independent isolates were cloned and their mutations sequenced. Twelve mutations were ascertained to cause single amino acid substitutions in the carboxyl-terminal regions of the protein between residues 127 and 173. This region is proposed to be part of the catalytic domain with the ligands responsible for co-ordinating the two irons of the 2Fe-2S cluster. Based on the catalytic properties of the ubiquinol: cytochrome c reductase complex and the electron paramagnetic resonance (e.p.r.) signals of the iron-sulfur protein, the mutants describe two different phenotypes. A subset of mutants have no detectable iron-sulfur cluster and are completely deficient in ubiquinol: cytochrome c reductase activity. These strains identify mutations in residues considered to be essential for binding of the iron or for maintaining a proper tertiary structure of the catalytic domain. A second group of mutants have reduced levels of enzymatic activity and exhibit e.p.r. spectra characteristic of the Rieske iron-sulfur cluster. The mutations in the latter strains have been ascribed to residues that influence the redox properties of the cluster by distorting the iron-binding pocket. A secondary and tertiary structure model is presented of the carboxyl-terminal 65 residues constituting the catalytic domain of the iron-sulfur protein. It is postulated that the two irons of the cluster are co-ordinated by three cysteine and a single histidine residue located in a loop structure. The catalytic domain also contains two short alpha-helices and three beta-strands that form a partial beta-barrel. Most of the hydrophilic amino acids are present in turns that map to one pole of the domain. When viewed in the context of the model, mutations that abolish the iron-sulfur cluster are mostly in residues defining the boundaries of the alpha-helices and beta-strands. The notable exception is a cysteine residue that has been assigned to the loop with the iron ligands. This cysteine residue is proposed to co-ordinate one iron of the cluster. Mutations that reduce ubiquinol: cytochrome c reductase activity and alter the redox potential of the cluster occur in residues located in the loop that contains the ligands of the cluster.